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FIELD OF THE INVENTION 

The present invention relates to a process for pro- 
ducing microcapsules of water-soluble drugs. 

BACKGROUND OF THE INVENTION 

JP-A 4-46115 and JP-A 4-46116 (EP-A-461630) 
disclose a process for producing microspheres of wa- 
ter-soluble drugs by oil-in-water (O/W) type in-liquid 
drying process wherein the solvent of the oil phase is 
composed of at least one water-insoluble solvent and 
at least one water-miscible solvent as well as prepa- 
ration of microspheres wherein an aliphatic acid salt 
is added to the oil phase. Further, the abstract of the 
112th Annual Meeting of the Pharmaceutical Society 
of Japan (IV, p. 86) discloses microspheres obtained 
from an O/W type emulsion of a water-soluble drug 
by (1) dissolving a high molecular polymer in the first 
solvent to disperse the drug , (2) adding the second 
solvent for homogeneous dissolution, and then (3) 
subjecting the resulting solution to O/W type in-liquid 
drying. 

Journal Microencapsulation, 1988, Vol. 5, No. 2, 
p. 147-157 describes preparation of microcapsules of 
water-soluble drugs from an oil-in-oil (O/O) type 
emulsion wherein the internal phase is composed of 
a water-miscible solvent and the external phase con- 
tains silicone oil, vegetable oil and the like. 

However, in preparation of microspheres by O/W 
type in-liquid drying process, the water-soluble drug 
take up into microspheres is insufficient and unsatis- 
factory. Further, 0/0 type in-liquid drying process 
has disadvantages. For example, it requires a large 
amount of solvent and heating at high temperature 
upon drying. 

OBJECTS OF THE INVENTION 

The main object of the present invention is to pro- 
vide a process for producing microcapsules of a wa- 
ter-soluble drug by in-water drying process. This 
process improves the drug take up into microcap- 
sules. 

This object as well as other objects and advan- 
tages of the present invention will become apparent 
to those skilled in the art from the following descrip- 
tion. 

SUMMARY OF THE INVENTION 

Under these circumstances, the present inven- 
tors have intensively studied to further increase the 
water-soluble drug take up into microcapsules. As a 
result, it has been found that the drug take up into mi- 
crocapsules can be markedly improved by producing 
microcapsules of a water-soluble drug by in-water 
drying process in the presence of an osmotic pres- 



sure adjustor present in the external aqueous phase. 

That is, according to the present invention, there 
is provided a process for producing microcapsules of 
a water-soluble drug by in-water drying process, 
5 which comprises carrying out the process in the pres- 
ence of an osmotic pressure adjuster present in the 
external aqueous phase. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

According to the present invention, in the case of 
microencapsulation of a water-soluble drug by in-wa- 
ter drying process, it is possible to prevent distribution 
of the water-soluble drug to the aqueous phase (ex- 
15 ternal phase), increase the water-soluble drug take 
up into microcapsules, and thereby increase the 
amount of the water-soluble drug within the micro- 
capsules. 

In the present invention, microcapsules are pre- 
20 pared by in-water drying process, preferably (W/0)/W 
type in-water drying process or O/W type in-water 
drying process. That is, in the case of the (W/0)/W 
type in-water drying process, microcapsules of a wa- 
ter-soluble drug are prepared by (1) preparing a W/0 
25 type emulsion whose internal aqueous phase is a sol- 
ution containing a water-soluble drug and whose oil 
phase is a solution containing a polymer, (2) dispers- 
ing the W/0 type emulsion in a solution or suspension 
for the aqueous phase containing an osmotic pres- 
30 sure adjustor to prepare an (W/0)/W type emulsion, 
and (3) subjecting the (W/0)/W type emulsion to in- 
water drying process to remove the solvent in the oil 
phase. 

In the case of the O/W type in-water drying proc- 
35 ess, microcapsules of a water-soluble drug are pre- 
pared by (1) dispersing a solution or suspension for 
the oil phase comprised of the water-soluble drug 
and a polymer in a solution or suspension of the aqu- 
eous phase containing an osmotic pressure adjustor 
40 to prepare an O/W type emulsion, (2) subjecting the 
O/W type emulsion to in-water drying process to re- 
move the solvent in the oil phase. 

As examples of the water-soluble drug used in 
the present invention, there are water-soluble drug 
45 with high hydrophilicity and a small oil/water partition 
coefficient The small oil/water partition coefficient 
means an octanol/water coefficient of not more than 
about 0.1. 

The water-soluble drug is not specifically limited. 

50 Examples thereof include peptides having biological 
activities, other antibiotics, antitumor agents, antipyr- 
etics, analgesics, anti-inflammatory agents, antitus- 
sive expectorants, sedatives, muscle relaxants, anti- 
epileptic agents, antiulcer agents, antidepressants, 

55 antiallergic agents, cardiotonics, antiarrhythmic 
agents, vasodilators, hypotensive diuretics antidia- 
betic agents, anticoagulants, hemostatics, antituber- 
culous agents, hormone preparations, narcotic antag- 
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onists, bone resorption inhibitors, angiogenesis inhib- 
itors and the like. 

Among them, peptides having biological activi- 
ties, bone resorption inhibitors and angiogenesis in- 
hibitors are preferred. s 

The peptides having biological activities to be 
used in the invention are those having two or more 
amino acids, preferably having molecular weight of 
about 200 to 80,000. 

Examples of the peptide include luteinizing hor- 10 
mone-releasing hormone (LH-RH) , its derivatives hav- 
ing similar activity, i.e., a peptide of the formula (I): 
(Pyr)Glu-R r Trp-Ser-R 2 -R3-R4-Arg-Pro-R6 (I) 
wherein R, is His, Tyr, Trp or p-NH 2 -Phe; R 2 is Tyr or 
Phe; R 3 is Gly or a D-amino acid residue; R4 is Leu, 15 
He or Nle; R5 is Gly-NH-Re (wherein Re is H or lower 
alkyl optionally substituted with hydroxy) or NH-Re 
(wherein Re is as defined above), or salts thereof 
[see, U.S. Patent Nos. 3,853,837, 4,008,209, 
3,972,859; G.B. Patent No. 1 ,423,083; and Proc. Nat. 20 
Acad. Sci. U.S.A., vol. 78, pp. 6509-6512 (1981)]. 

As examples of the D-amino acid residue repre- 
sented by R3 in the above formula (I), there are a-D- 
amino acids having up to 9 carbon atoms (e.g., D-Leu, 
He, Nle, Val, Nval, Abu, Phe, Phg, Ser, Thr, Met, Ala, 25 
Trp, a-Aibu, etc.) and the like. These residues may 
have appropriate protecting groups (e.g., t- butyl, t-bu- 
toxy, t-butoxycarbonyl, etc.). The acid addition salts 
and metal complexes of the peptide (I) can be used 
in the same manner as the peptide (I). 30 

The abbreviations of amino acids, peptides, pro- 
tecting groups and the like in the peptide (I) are based 
on those established by IUPAC-IUB Commission on 
Biochemical Nomenclature or those commonly used 
in the art. When optical isomers of amino acids are 35 
present, the amino acids indicate L-isomers unless 
otherwise indicated. 

The acetic acid salt of the peptide (I) wherein 
is His, R 2 is Tyr, R 3 is D-Leu, R4 is Leu and R& is 
NHCH 2 -CH 3 is referred to as leuprolide acetate. 40 

Other LH-RH analogues include nafarelin: 
(pyro)Glu-His-Trp-Ser-Tyr-(3-naphthyl)-D-Ala-Leu-Arg- 
Pro-GluNH 2f goserelin: (pyro)Glu-His-Trp-Ser-Tyr-0 
tert-butyl-D-Ser-Leu-Arg-Pro-semicarbazide or salts 
thereof. 45 

Other examples of the peptide (I) include LH-RH 
antagonists (see, U.S. Patent Nos. 4,086,219, 
4,124,577, 4,253,997, 4,317,815, 329,526 and 
368,702). 

Further, other examples of the peptide (I) include so 
oligopeptides such as insulin, somatostatin, somatos- 
tatin derivative (see, U.S. Patent Nos. 4,087,390, 
4,093,574, 4,100,117 and 4,253,998), growth hor- 
mone, prolactin, adrenocorticotropic hormone 
(ACTH), melanocyte-stimulating hormone (MSH), 55 
thyrotropin-releasing hormone (TRH), their salts and 
derivatives (see, JP-A 50-121273, JP-A 52-116465), 
thyroid-stimulating hormone (TSH), luteinizing hor- 



mone (LH), follicle-stimulating hormone (FSH), vaso- 
pressin, vasopressin derivatives {desmopressin [see, 
Folia Endocrinological Japonica, Vol. 54, No. 5, pp. 
676-691 (1978)]}, oxytocin, calcitonin, parathyroid 
hormone, glucagon, gastrin, secretin, pancreozymin, 
cholecystokinin, angiotensin, human placental lacto- 
gen, human chorionic gonadotropin (HCG), enkepha- 
lin, enkephalin derivatives (see, U.S. Patent No. 
4,277,394 and EP-A 31,567); and polypeptides such 
as endorphin, kyotorphin, interferon (a-type, p-type, 
y-type), interleukin (I to XI), tuftsin, thymopoietin, thy- 
mosin, thymosthymlin, thymic humoral factor (THF), 
serum thymic factor (FTS) and derivatives thereof 
(see, U.S. Patent No. 4,229,438) and other thymic 
factors [Medicine in Progress, Vol. 125, No. 10, 
pp.835-843 (1983)], tumor necrosis factor (TNF), col- 
ony stimulating factor (CSF), motilin, dynorphin, 
bombesin, neurotensin, caerulein, bradykinin, uroki- 
nase, asparaginase, kallikrein, substance P, nerve 
growth factor, blood coagulation factor VIII and IX, ly- 
sozyme chloride, polymyxin B, colistin, gramicidin, 
bacitracin, protein synthesis-stimulating peptide 
(G.B. Patent No. 8,232,082), gastric inhibitory poly- 
peptide (GIP), vasoactive intestinal polypeptide (VIP), 
platelet-derived growth factor (PDGF), growth hor- 
mone-releasing factor (GRF, somatoclinine), bone 
morphagenetic protein (BMP), epidermal growth hor- 
mone (EGF), erythropoietin (EPO) and the like. 

As the peptide having biological activities, thyro- 
tropin-releasing hormone (TRH) is preferred. 

Examples of the above antitumor agents include 
bleomycin hydrochloride, methotrexate, actinomycin 
D, mitomycin C, vinblastine sulfate, vincristine sul- 
fate, daunorubicin hydrochloride, adriamycin, neo- 
carzinostatin, cytosine arabinoside, fluorouracil, tet- 
rahydrofuryl-5 fluorouracil, krestin, picibanil, lentinan, 
levamisole, bestatin azimexon, glycyrrhizin, poly l:C, 
poly A:U, poly ICLC, Cisplatin and the like. 

Examples of the above antibiotics include genta- 
micin, dibekacin, kanendomycin , lividomycin, tobra- 
mycin, amikacin, fradiomycin, sisomicin, tetracycline 
hydrochloride, oxy tetracycline hydrochloride, rolite- 
tracycline, doxycycline hydrochloride, ampicillin, pi- 
peracillin, ticarcillin, cefalotin cefaloridine, cefotiam, 
cefsulodin, cefmenoxime, cefmetazole, cefazolin, ce- 
fotaxime, cefoperazone, ceftizoxime, moxolactam, 
thienamycin, sulfazecin, azusleonam and the like. 

Examples of the above antipyretics, analgesics 
and anti-inflammatory agents include sodium salicy- 
late, sulpyrine, sodium flufenamate, diclofenac so- 
dium, indometacin sodium, morphine hydrochloride, 
pethidine hydrochloride, levorphanol tar ta rate, oxy- 
morphone and the like. 

Examples of the antitussive expectorants include 
ephedrine hydrochloride, methylephedrine hydro- 
chloride, noscapine hydrochloride, codeine phos- 
phate, dihydrocodeine phosphate, ailoclamide hydro- 
chloride, chlorphezianol hydrochloride, picoperida- 
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mine hydrochloride, cloperastine, protokylol hydro* 
chloride, isoproterenol hydrochloride, saibutamol sul- 
fate, terebutaline sulfate and the like. 

Examples of the sedatives include chlorproma- 
zine hydrochloride, prochlorperazine, trifluoperazine, 
atropine sulfate, methylscopolamine bromide and the 
like. 

Examples of the muscle relaxants include pridinol 
methanesulfonate, tubocurarine chloride, pancuroni- 
um bromide and the like. 

Examples of the antiepileptic agents include phe- 
nytoin sodium, ethosuximide, acetazolamide sodium, 
chlordiazepoxide hydrochloride and the like. 

Examples of the antiulcer agents include meto- 
clopramide, histidine hydrochloride and the like. 

Examples of the antidepressants include imipra- 
mine, clomipramine, noxiptilin, phenelzine sulfate and 
the like. 

Examples of the antiallergic agents include di- 
phenhydramine hydrochloride, chlorpheniramine 
maleate, tripelennamine hydrochloride, methdilazine 
hydrochloride, clemizole hydrochloride, diphenyl- 
pyraline hydrochloride, methoxyphenamine hydro- 
chloride and the like. 

Examples of the cardiotonics include transbioxo- 
camphor, theophyllol, aminophylline, etilefrine hydro- 
chloride and the like. 

Examples of the antiarrhythmic agents include 
propranolol hydrochloride, alprenolol hydrochloride, 
bufetolol hydrochloride, oxyprenolol hydrochloride 
and the like. 

Examples of the vasodilators include oxyfedrine 
hydrochloride, diltiazem hydrochloride, tolazoline hy- 
drochloride, hexobendine, bamethan sulfate and the 
like. 

Examples of the hypotensive diuretics include 
hexamethonium bromide, pentolinium, mecamyla- 
mine hydrochloride, ecarazine hydrochloride, cloni- 
dine hydrochloride and the like. 

Examples of the antidiabetic agents include gly- 
midine sodium, glipizide, phenformin hydrochloride, 
buformin hydrochloride, metformin and the like. 

Examples of the anticoagulants include heparin 
sodium, sodium citrate and the like. 

Examples of the hemostatics include thrombo- 
plastin, thrombin, menadione sodium bisulfite, aceto- 
menaphthone, e-aminocaproic acid, tranexamic acid, 
carbazochrome sodium sulfonate, adrenochrome 
monoaminoguanidine methanesulfonate and the like. 

Examples of the antituberculous agents include 
isoniazid, ethambutol, sodium para-am inosalicylate 
and the like. 

Examples of the hormone preparations include 
prednisolone succinate, predonisolone sodium phos- 
phate, dexamethasone sodium sulfate, betametha- 
sone sodium phosphate, hexoestrol phosphate, hex- 
oestrol acetate, methymazole and the like. 

Examples of the narcotic antagonists include le- 



vallorphan tartarate, nalorphine hydrochloride, nalox- 
one hydrochloride and the like. 

Examples of the bone resorption inhibitors in- 
clude (sulfur-containing alkyl)aminomethylenebi- 

5 sphosphonic acid and the like. 

Examples of the angiogenesis inhibitors include 
angiostatic steroids [Science, 221 , 719 (1983)], fuma- 
gillin (see, EP-A-325,199), fumagillol derivatives 
(see, EP-A-357,061, EP-A-359,036, EP-A-386,667, 

10 EP-A-415,294) and the like. 

The drugs may be as they are or in the form of 
any possible pharmaceutical salts thereof including 
particular salts described above, when the drug has 
a basic group such as amino groups, it may form salts 

15 such as those with carbonic acid, hydrochloric acid, 
sulfuric acid, nitric acid, citric acid, maleic acid, tarta- 
ric acid, succinic acid, methanesulfonic acid or the 
like. When the drug has an acidic group such as a car- 
boxyl group, it may form salts such as those with al- 

20 kaline metals (e.g., sodium, potassium, etc.), organic 
amines (e.g., triethylamine, etc.) or basic amino acids 
(e.g., arginine, etc.). 

The amount of the above water-soluble drug va- 
ries depending upon a particular kind of drug, desired 

25 pharmacological activities, duration time and the like. 
The concentration of the drug in the internal aqueous 
phase is about 0.001% to 90% (W/W), preferably 
about 0.01% to 80% (W/W), more preferably about 
0.01% to 70% (W/W). 

30 The polymer to be used in the present invention 

is a slightly water-soluble or water- insoluble polymer 
having biocompatibiity. 

"Slightly water-soluble" means that solubility of 
the polymer in water is not more than about 1 % (w/w). 

35 Examples of the polymer in the present invention 

include biodegradable polymers such as poly fatty 
acid esters (e.g., polylactic acid, polyglycollic acid, 
polycitric acid, polymalic acid, etc.), poly-a- 
cyanoacrylic acid esters, poly-0-hydroxybutyric acid, 

40 polyalkylene oxalates (e.g., polytrimethylene oxalate, 
polytetramethylene oxalate, etc.), poly ortho esters, 
poly ortho carbonates and other polycarbonates 
(e.g., polyethylene carbonate, polyethylenepropy- 
lene carbonate, etc.), polyamino acids (e.g., poly-y- 

45 benzyl-L-glutamic acid, poly-L-alanine , poly-y- 
methyl-L-glutamic acid, etc.) and the like; biocompat- 
ible copolymers such as polystyrene, polymethacryl- 
ic acid, copolymer of acrylic acid and methacrylic 
acid, polyamino acids, dextran stearate, ethylcellu- 

so lose, acetylcellulose, nitrocellulose, maleic anhydride 
copolymers, ethytene-vinylacetate copolymer, polyvi- 
nylacetate, polyacrylamide and the like. These poly- 
mers may be used alone or in combination thereof. 
They may be used in the form of a copolymer or mere 

55 mixture of these two or more polymers. They may be 
in the form of salts thereof. 

Among these polymers, biodegradable polymers 
are preferred particulary for injections. 
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Preferred examples of the biodegradable poly- 
mers Include polymers or copolymers of hydroxycar- 
boxylic acids or mixtures thereof. 

The hydroxycarboxylic acids are not specifically 
limited and preferred examples thereof include hy- 5 
droxycarboxylic acids of the formula (II): 



' (II) 10 

HOCHC00H 

wherein R is hydrogen or an alkyl group. 

As the alkyl group represented by R in the above 
formula, for example, straight-chain or branched- 15 
chain alkyl having 1 to 8 carbon atoms (e.g., methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, 
pentyl, hexyl, heptyl, octyl, etc.) are preferred. Among 
them, straight-chain or branched-chain alkyl groups 
having 1 to 3 carbon atoms are particularly preferred. 20 

As preferred examples of the above hydroxycar- 
boxylic acids, there are glycollic acid, lactic acid, 2- 
hydroxy butyric acid, 2-hydroxyvaleric acid, 2-hy- 
droxy-3-methylbutyric acid, 2-hydroxycaproic acid, 
2-hydroxyisocaproic acid, 2-hydroxycaprylic acid and 25 
the like. Among them, glycolilc acid, lactic acid, 2-hy- 
droxy butyric acid, 2-hydroxy-3-methy I butyric acid 
and 2-hydroxycaproic acid are more preferred. Fur- 
ther, glycollic acid, tactic acid and 2- hydroxy butyric 
acid are particularly preferred. When these hydroxy- 30 
carboxylic acids exist as D- isomers, L- isomers or ra- 
cemic mixtures thereof, any of them may be used. 
Preferably, racemic mixtures thereof are used. 

The mode of copolynerization of the copolymers 
may be any of random, block and graft copolymeriza- 35 
tion. These glycollic acid copolymers are preferably 
those with relatively rapid biodegrability and the re- 
lease period of not more than one month when used 
alone. 

The polymers to be used in the present invention 40 
can be synthesized by general synthetic methods 
(see, e.g., JP-A 61-28521) without any problems. 

The average molecular weight of the polymers to 
be used in the present invention is selected from the 
range of about 2,000 to 800,000, more preferably 45 
about 5,000 to 200,000. 

When lactic acid/glycollic acid copolymer is used 
as the above polymer, the composition ratio is prefer- 
ably about 100/0 to 50/50 (w/w). When butyric 
acid/glycollic acid copolymer is used, the composition so 
ratio is preferably about 100/0 to 25/75 (w/w). 

The weight-average molecular weight of lactic 
acid/glycollic acid copolymer is preferably about 
5,000 to about 30,000, more preferably about 5,000 to 
20,000. 55 

When, for example, a mixture of polylactic acid 
(A) and glycollic acid/2-hydroxybutyric acid copoly- 
mer (B) is used as the above polymer, the mixing ratio 



represented by (A)/(B) is in the range of about 10/90 
to about 90/10 (by weight), preferably about 25/75 to 
about 75/25 (by weight). 

The weight-average molecular weight of polylac- 
tic acid is preferably about 5,000 to about 30,000, 
more preferably about 6,000 to about 20,000. 

Preferably, the composition ratio of the glycollic 
acid/2-hydroxybutyric acid copolymer is about 40/60 
to about 70/30 in terms of molar ratios. The weight- 
average molecular weight of glycollic acid/2- 
hydroxybutyric acid copolymer is preferably about 
5,000 to about 25,000, more preferably about 5,000 
to abut 20,000. 

The molecular weight in the present specification 
means molecular weight in terms of polystyrene de- 
termined by gel permeation chromatography (GPC) 
using polystyrene as the standard material. The de- 
termination was carried out by using GPC column 
TSK gel (2000, 2500, 3000, manufactured by Toso, 
Japan) and using chloroform as the mobile phase. 

The amount of the polymer to be used depends 
upon the strength of the pharmacological activity of 
the water-soluble drug, release rate and release per- 
iod of the drug and the like. For example, the polymer 
is used as the microcapsule base in an amount of 
about 0.2 to 1 0,000 times, preferably about 1 to 1 ,000 
times the weight of the water-soluble drug. 

The concentration of the polymer in the oil phase 
is selected from the range of about 0.5 to 90% (w/w), 
preferbly about 2 to 60% (w/w). 

As the osmotic pressure adjuster used in the in- 
vention, any material can be used so long as it produc- 
es osmotic pressure in an aqueous solution thereof. 

Examples of the osmotic pressure adjuster in- 
clude water-soluble polyhydric alcohols; water-solu- 
ble monohydric alcohols; water-soluble monosac- 
charides, disaccharides and oligosaccharides or their 
derivatives; water-soluble amino acids; water-soluble 
peptides, proteins or their derivatives and the like. 
Among them, water-soluble polyhydric alcohols; and 
water-soluble monosaccharides, disaccharides and 
oligosaccharides or their derivatives are preferred. 
Water-soluble polyhydric alcohols and water-soluble 
monosaccharides are more preferred. Water-soluble 
polyhydric alcohols are most preferred. 

Examples of the above water-soluble polyhydric 
alcohols include dihydric alcohols (e.g., glycerin, 
etc.), pentahydric alcohols (e.g., arabitol, xylitol, ado- 
nitol, etc.), hexahydric alcohols (e.g., mannitol, sorbi- 
tol, dulcitol, etc.) and the like. Among them, hexahyd- 
ric alcohols are preferred. In particular, mannitol is 
preferred. 

Examples of the water-soluble monohydric alco- 
hols include methanol, ethanol, isopropyl alcohol and 
the like. Among them, ethanol is preferred. 

Examples of the above water-soluble monosac- 
charides include pentoses (e.g., arabinose, xylose, ri- 
bose, 2-deoxyribose, etc.) and hexoses (e.g., glu- 
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cose, fructose, galactose, mannose, sorbose, rham- 
nose, fucose, etc.). Among them, hexoses are prefer- 
red. 

Examples of the above water-soluble disacchar- 
ides include maltose, cellobiose, a, a- trehalose, lac- 5 
tose, sucrose and the like. Among them, lactose and 
sucrose are preferred. 

Examples of the above water-soluble oligosac- 
charides include trisaccharides (e.g., maltotriose, raf- 
finose, etc.) and tetrasaccharides (e.g., stachyose, w 
etc.). Among them trisaccharides are preferred. 

Examples of the derivatives of the above mono- 
saccharides, disaccharides and oligosaccharides in- 
clude glucosamine, galactosamine, glucuronic acid, 
galacturonic acid and the like. 15 

Examples of the above water-soluble amino 
acids include neutral amino acids such as glycine, 
alanine, valine, leucine, isoleucine, phenylalanine, 
tyrosine, tryptophan, serine, threonine, proline, hy- 
droxyproline, cysteine, methionine and the like; acidic 20 
amino acids such as aspartic acid, glutamic acid and 
the like; basic amino acids such as lysine, arginine, 
histidine and the like. There can also be used salts of 
these water-soluble amino acids with acids (e.g., hy- 
drochloric acid, sulfuric acid, phosphoric acid, etc.) or 25 
alkalis (e.g., alkaline metals such as sodium, potas- 
sium and the like, etc.). 

Examples of the water-soluble peptides, proteins 
or their derivatives include casein, globulin, prola- 
mine, albumin, gelatin and the like. 30 

These osmotic pressure adjusters can be used 
alone or in combination thereof. When the osmotic 
pressure adjusters are non-i onic materials, the con- 
centration of these osmotic pressure adjusters in the 
external aqueous phase is about 0.001% to 60% 35 
(w/w), preferably about 0.01 to 40% (w/w), more pre- 
ferably about 0.05 to 30% (w/w), particularly prefer- 
ably about 1% (w/w). When the osmotic pressure ad- 
justers are ionic materials, they are used in a concen- 
tration calculated by dividing the above concentration 40 
by the total ionic valency. The osmotic pressure ad- 
justers may be added so that their concentration be- 
comes more than their solubility, and a part of them 
may be dispersed. 

The microcapsule preparation by (W/0)/W type 45 
in- water drying process in the present invention is 
carried out, for example, as follows. 

First, a water-soluble drug is dissolved in water 
so that the concentration becomes the above con- 
centration. If necessary, pharmaceutical carriers 50 
such as gelatin, agar, alginic acid, polyvinyl alcohol or 
basic amino acids can be added to the solution to ob- 
tain a solution or suspension for the internal aqueous 
phase. 

As a pH adjuster to maintain the stability and sol- 55 
ubility of biologically active peptides, for example, 
carbonic acid, acetic acid, oxalic acid, citric acid, 
phosphoric acid, hydrochloric acid, sodium hydrox- 



ide, arginine, lysine or their salts can be added to the 
solution or suspension for the inner aqueous phase. 
Further, as a stabilizer of biologically active peptides, 
there can be added, for example, albumin, gelatin, cit- 
ric acid, sodium ethylenediaminetetraacetate, dex- 
trin, sodium hydrogensulfite, polyols (e.g., polyethy- 
lene glycol, etc.) or the like. As a preservative of bio- 
logically active peptides, there can be added, for ex- 
ample, conventional paraoxybenzoic acid esters 
(e.g., methylparaben, propylparaben, etc.), benzyl al- 
cohol, chlorobutanol, thimerosal or the like. 

The solution or suspension for the internal aqu- 
eous phase thus obtained is added to a solution (oil 
phase) containing a polymer, followed by emulsif ica- 
tion to prepare a W/O type emulsion. The emulsif ica- 
tion can be carried out by conventional dispersion 
techniques such as intermittent shaking, mixing by 
means of a mixer (e.g., propeller agitator, turbine agi- 
tator, etc.), colloid mill operation, mechanical homog- 
enization, ultrasonication or the like. 

The above solution (oil phase) containing a poly- 
mer can be prepared by dissolving the polymer in an 
organic solvent. As the solvent, any solvent can be 
used so long as its boiling point is not more than about 
120°C and it is immiscible with water and capable of 
dissolving the polymer. Examples of the solvent in- 
clude halogenated hydrocarbons (e.g. dichlorome- 
thane, chloroform, chloroethane, dichloromethane, 
trichloroethane, carbon tetrachloride, etc.), aliphatic 
acid esters (e.g., ethyl acetate, butyl acetate, etc.), 
ethers (e.g., ethyl ether, isopropyl ether, etc.), aro- 
matic hydrocarbons (e.g., benzene, toluene, xylene, 
etc.) and the like. These solvents can be used alone 
or in combination thereof. A mixture thereof with a 
suitable mixing ratio can also be used. 

Then a W/O type emulsion thus prepared is sub- 
jected to in-water drying process in an aqueous 
phase containing an osmotic pressure adjuster in the 
above concentration. That is, the W/O type emulsion 
is added to the third phase (aqueous phase) further 
containing an osmotic pressure adjuster to form a 
(W/OJ/W type three-phase emulsion, followed by re- 
moval of the solvent in the oil phase to prepare micro- 
capsules. 

The preparation of microcapsules by O/W type 
in-water drying process in the present invention can 
be carried out, for example, as follows. 

First, a polymer is dissolved in a water- insoluble 
solvent. Then a water-soluble drug is added to the 
solution and they are mixed well to prepare an oil 
phase. In this case, it is advantageous to optionally 
use a water-soluble solvent together with a water-in- 
soluble solvent. 

Then, the oil phase thus prepared is subjected to 
in-water drying process in an aqueous phase contain- 
ing an osmotic pressure adjuster in the above con- 
centration. That is, the oil phase is added to the sec- 
ond phase (aqueous phase) further containing an os- 
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motic pressure adjuster to form an O/W type emul- 
sion, followed by removal of the solvent in the oil 
phase to prepare microcapsules. 

As the above water-insoluble solvent, any water- 
insoluble solvent can be used. Examples of the water- 5 
insoluble solvent include halogenated hydrocarbons 
(e.g., dichloromethane, chloroform, dichlorohexane, 
chloroethane, dichloroethane, trichloroethane, car- 
bon tetrachloride, etc.), esters (e.g., ethyl acetate, 
etc.), ethers (e.g., ethyl ether, etc.), aromatic hydro- 10 
carbons (e.g., benzene, toluene, etc.), hydrocarbons 
(e.g., n-pentane, n-hexane, etc.) and the like. 

As the above water-soluble solvent, any solvent 
can be used so long as it is water-soluble and miscible 
with the above water- insoluble solvent. Examples of 15 
the water-soluble solvent include alcohols (e.g., me- 
thanol, ethanol, propyl alcohol, isopropyl alcohol, 
etc.), acetone, acetonitrile and the like. 

An emulsifying agent can be added to the third 
phase (aqueous phase) in (W/0)/Wtype in-water dry- 20 
ing process or the second phase (aqueous phase) in 
O/W type drying process. As the above emulsifying 
agent, any emulsifying agent can be used so long as 
it generally forms stable O/W type emulsions. Exam- 
ples thereof include anionic surfactants (e.g., sodium 25 
oleate, sodium stearate, sodium laurate, etc.); non- 
ionic surfactants such as polyoxyethylenesorbitan 
aliphatic acid esters (e..g., Tween 80, Tween 60 (Atlas 
Powder Co.), etc.), polyoxyethylene castor oil deriva- 
tives (e.g. , HCO-60, HCO-50 (Nikko Chemicals), 30 
etc.), polyvinyl pyrrolidone, polyvinyl alcohol, carbox- 
ymethyl cellulose, lecithin, gelatin and the like. These 
emulsifying agents can be used alone or in combina- 
tion thereof. They are used in a concentration appro- 
priately selected from the range of about 0.01% to 35 
20% (W/W), preferably about 0.05% to 10% (W/W). 

The removal of the solvent in the oil phase can be 
carried out by conventional methods. For example, it 
is carried out by stirring with a propeller-type stirrer, 
magnetic stirrer or the like under atmospheric pres- 40 
sure or gradually reducing pressure, or while control- 
ling degree of vacuum by using a rotary evaporator or 
the like. In this case, at the time when solidification 
of the polymer proceeds in some degree and the loss 
caused by the release of the drug from the internal 45 
phase is decreased, a (W/0)/W type or O/W type 
emulsion may be warmed gradually to remove the 
solvent more completely, which results in saving of 
the required time. Alternatively, when thickening and 
solidification are carried out by methods other than so 
those based on temperature, the removal can be car- 
ried out by merely allowing the (W/0)/W type or O/W 
type emulsion to stand with stirring, by warming it or 
by spraying nitrogen gas or the like. This removal step 
of the solvent is of importance and greately influenc- 55 
es the surface structure of microcapsules controlling 
the release of the drug. For example, rapid removal 
produces a number of pores on the surface or makes 
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pores larger in their size, which results in incresed re- 
lease rate of the drug. 

Microcapsules thus obtained are collected by 
centrifugation or filtration. Then free water-soluble 
drug, carriers for the drug, or the like attached onto 
the surface of the microcapsules is washed with dis- 
tilled water repeatedly several times. Water in the mi- 
crocapsules and the solvent in the microcapsule 
preparation are dried in reduced pressure more com- 
pletely, if necessary, with warming. 

The microcapsules thus obtained are screened, 
if necessary after light pulverization, to remove too 
large microcapsules. The microcapsule size varies 
depending upon the desired degree of prolonged re- 
lease. When the microcapsules are used as suspen- 
sions, the microcapsule size can be in the range 
which satisfies their dispersibility and needle pass re- 
quirements. For example, the average diameter is 
preferably in the range of about 0.5 to 400 uin, more 
preferably about 2 to 200 urn. 

The microcapsules prepared according to the 
process of the present invention can readily be ad- 
ministered as they are as injections or implants intra- 
muscularly, subcutaneously, or into blood vessels, or- 
gans, cava articulare or foci such as tumor. Further, 
they can be administered in the form of various prep- 
arations. They can also be used as raw materials in 
the production of various preparations. 

As examples of the above preparations, there are 
injections, oral preparations (e.g., powders, granules, 
capsules, tablets, etc.), nasal preparations, supposi- 
tories (e.g., rectal suppositories, vaginal suppositor- 
ies, etc.) and the like. 

When the microcapsules according to the pres- 
ent invention are to be processed into injections, the 
microcapsules are dispersed in an aqueous vehicle 
together with a dispersing agent (e.g., Tween 80, 
HCO-60 (manufactured by Nikko Chemicals), carbox- 
ymethylcellulose, sodium alginate, etc.), a preserva- 
tive (e.g, methylparaben, propylparaben, benzyl alco- 
hol, chlorobutanol, etc.), a tonicity agent (e.g., sodium 
chloride, glycerin, sorbitol, glucose, etc.) and the like 
to prepare aqueous suspensions. They may also be 
dispersed in a vegetable oil (e.g., olive oil, sesame oil, 
peanut oil, cottonseed oil, corn oil, etc.), propylene 
glycol or the like to prepare oily suspensions. In this 
manner, prolonged release injections can be pre- 
pared. 

Alternatively, excipients (e.g., mannitol, sorbitol, 
lactose, glucose, etc.) may be added, in addition to 
the above components, to the above prolonged re- 
lease injections of microcapsules in the form of sus- 
pensions. After redispersion, the injections are solidi- 
fied by freeze drying or spray drying, and distilled wa- 
ter for injection or an appropriate disperser may be 
added just before use. In this manner, more stable 
prolonged release injections can be obtained. 

When the microcapsules according to the pres- 
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ent invention are to be processed into, for example, 
tablets, in general, they can be prepared according to 
conventional preparaion methods. For example, 
there can be added an excipients (e.g., lactose, crys- 
talline cellulose, sucrose, starch such as corn starch, 5 
etc.), disintegrating agent (e.g., starch such as corn 
starch, croscarmellose sodium, car boxy methyl starch 
sodium, calcium carbonate, etc.), binder (e.g., crys- 
talline cellulose, acacia, dextrin, carboxymethyl cellu- 
lose, polyvinyl pyrrolidone, hydroxypropylcellulose, 10 
etc.) or lubricant (e.g., talc, magnesium stearate, poly- 
ethylene glycol 6000, etc.) and the like. Then the mix- 
ture is compressed for molding. 

When the microcapsules of the present invention 
are processed to, for example, nasal preparations, 15 
they are molded into the form of solid, semisolid orliq- 
uid. In any case, conventional preparation methods 
can be used. To prepare the above solid nasal prep- 
arations, the mirocapsules either as they are or to- 
gether with an excipient (e.g., glucose, mannitol, 20 
starch, microcrystalline cellulose, etc.), thickener 
(e.g., natural gum, cellulose derivatives, polyacry- 
lates, etc.) are processed into powdery compositions. 
To make liquid compositions, the microcapsules are 
processed into an oily or aqueous suspension in sub- 25 
stantialiy the same manner as in injections. The semi- 
solid preparation may be aqueous or oily gels or oint- 
ments. In any case, there may be added a pH adjustor 
(e.g., carbonic acid, phosphoric acid, citric acid, hy- 
drochloric acid, sodium hydroxide, etc.), preservative 30 
(e,g., p-hydroxybenzoic acid esters, chlorobutanol, 
benzalkonium chloride, etc.) and the like. 

When the microcapsules of the present invention 
are processed to suppositories, they can be prepared 
per se known methods in the form of oily or aqueous 35 
solid, semi-solid or liquid. The oleaginous bases for 
the above composition are not specifically limited so 
long as they do not dissolve the microcapsules. Ex- 
amples thereof include higher fatty acid glycerides 
[e.g., cacao butter, Witepsol (Dynamit-Nobel, Germa- 40 
ny), etc.], intermediate fatty acids [e.g., Miglyol (Dy- 
namit-Nobel), etc.], vegetable oils (e.g., sesame oil, 
soybean oil, cottonseed oil, etc.) and the like. As ex- 
amples of the aqueous bases, there are polyethylene 
glycol and propylene glycol. As examples of the aqu- 45 
eous gels, there are natural gum, cellulose deriva- 
tives, vinyl polymers, polyacrylates and the like. 

The prolonged release preparations of the micro- 
capsules according to the present invention have low 
toxicity and can be used safely. 50 

The dosage of the preparations according to the 
present invention varies depending upon the kind and 
amount of water-soluble drugs as active ingredients, 
dosage forms, duration of drug release, recipient an- 
imals (e.g., warm-blooded mammals such as mice, 55 
rats, horses, cattle, humans, etc.) and objects of treat- 
ment. It is, however, sufficient to ensure that the ef- 
fective dose of the active ingredient will be adminis- 



tered. For example, the unit dose for adults (body 
weight: 50 kg) may be selected from the range of 
about 1 mg to 10 g, preferably about 10 mg to 2 g in 
terms of the weight of the microcapsules. In the case 
of administration as the above injections, the volume 
of the suspension can be selected from the range of 
about 0.1 to 5 ml, preferably about 0.5 to 3 ml. 

According to the present invention, in the prepa- 
ration of microcapsules of a water-soluble drug by in- 
water drying process, the water-soluble drug take up 
into the microcapsules and the water-soluble drug 
content in the microcapsules can be increased. Thus, 
there is provided a pharmaceutical composition pre- 
pared as the microcapsules which comprises an ef- 
fective amount of a water-soluble drug in a larger 
amount than conventional unit dose and a biocompat- 
ible polymer, said microcapsules being capable of 
prolonged release of the drug over a long period and 
having a small initial burst of a drug. 

The following examples further illustrate the 
present invention in detail but are not to be construed 
to limit the scope thereof. In the examples, all the per- 
cents % are indicated as weight/weight percents, and 
all the molecular weight are indicated as weight- 
average molecular weight. 

The drug take up (%) shown in the examples was 
calculated from the following formula: 
Drug take up (%) = 100x 

The amount of the drug in the microcapsules 
The initial amount of the drug added 

Example 1 

Thyrotropin-releasing hormone (TRH)(0.5 g) was 
dissolved in water (0.2 g). To this solution was added 
a solution containing lactic acid/glycollic acid copoly- 
mer (PLGA, lactic acid/glycolic acid = 75/25 (W/W), 
molecular weight: 14,000)(4.5 g) in dichloromethane 
(4.9 ml) to prepare a W/O emulsion. This W/O emul- 
sion was cooled to 19 to 20°C and dispersed in 0.1% 
polyvinyl alcohol (PVA) solution (1 liter) containing 1% 
mannitol previously cooled to 19 to 20°C to prepare a 
(W/0)/W emulsion. After in-water drying for 3 hours, 
the microcapsules were collected by centrifugation 
and dried. The TRH take up into the microcapsules 
was 90.3%, and the TRH content in the microcap- 
sules was 8.0%, both of which were higher than in 
Comparative Example 1. 

Example 2 

TRH (0.5 g) was dissolved in water (0.3 g). To this 
solution was added a solution of PLGA (lactic 
acid/glycollic acid = 75/25 (W/W), molecular weight: 
14,000)(4.5 g) in dichloromethane (5.6 ml) to prepare 
a W/O emulsion. This W/O emulsion was cooled to 1 9 
to 20°C. According to the same manner as that de- 
scribed in Example 1, microcapsules were prepared 
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using 0.1% PVA solution (1 liter) containing 5% man- 
nitol previously cooled to 19 to 20°C. The TRH take 
up into the microcapsules was 83.4%, and the TRH 
content in the microcapsules was 7.4%, both of which 
were higher than in Comparative Example 1. 

Example 3 

According to the same manner as that described 
in Example 1, microcapsules were prepared using 
0.1 % PVAsolution containing 10% mannitol. The TRH 
take up into the microcapsules was 82.8%, and the 
TRH content in the microcapsules was 7.4%, both of 
which were higher than in Comparative Example 1. 

Example 4 

According to the same manner as that described 
in Example 1, microcapsules were prepared using 
0.1%.PVA solution containing 0.5% mannitol. The 
TRH take up into the microcapsules was 88.3%, and 
the TRH content in the microcapsules was 7.9%, both 
of which were higher than in Comparative Example 1 . 

Example 5 

TRH (15 g) was dissolved in water (6 g). To this 
solution was added a solution of PLGA (lactic 
acid/glycollic acid = 75/25 (W/W), molecular weight: 
14,000)(135 g) in dichloromethane (168 mi) to pre- 
pare a W/O emulsion. This emulsion was cooled to 1 9 
to20°Cand dispersed in 0.1% PVAsolution (45 liters) 
containing 1% mannitol previously cooled to 19 to 
20°C to prepare a (W/0)/W emulsion. After in-water 
drying for 3 hours, the microcapsules were collected 
by centrifugation and dried. The TRH take up into the 
microcapsules was 93.9%, and the TRH content in 
the microcapsules was 8.3%, both of which were 
higher than in Comparative Example 2. 

Example 6 

According to the same manner as that described 
in Example 1, microcapsules were prepared using 
0.1% PVAsolution containing 1% glucose. The TRH 
take up into the microcapsules was improved and the 
TRH content in the microcapsules was increased in 
comparison with Comparative Example 1. 

Example 7 

According to the same manner as that described 
in Example 1, microcapsules were prepared using 
0.1% PVA solution containing 0.2% NaCI. The TRH 
take up into the microcapsules was 95.2%, and the 
TRH content in the microcapsules was 7.9%, both of 
which were higher than in Comparative Example 1. 



Example 8 

Leuprolide acetate (495 mg) and gelatin (80 mg) 
were dissolved in water (0.5 g). To this solution was 

5 added a solution of PLGA (lactic acid/glycollic acid = 
75/25 (W/W), molecular weight: 14,000)(3.97 g) in di- 
chloromethane (5.5 ml) to prepare a W/O emulsion. 
This emulsion was cooled to 1 8.5°C and dispersed in 
0.1% PVA solution (1 liter) containing 1% mannitol 

10 previously cooled to 18.5°C to prepare a (W/0)/W 
emulsion. After in-water drying for 3 hours, the micro- 
capsules were collected by centrifugation and freeze- 
dried. The TRH take up into the microcapsules was 
89.1%, and the leuprolide acetate content in the mi- 

15 crocapsules was 9.7%, both of which were higher 
than in Comparative Example 3. 

Example 9 

20 TRH (22.5 g) was dissolved in water (6.75 g). To 

this solution was added a solution of PLGA (lactic 
acid/glycollic acid = 75/25 (W/W), molecular weight: 
14,000)(202.5 g) in dichloromethane (252 ml) to pre- 
pare a W/O emulsion. This emulsion was cooled to 14 

25 to 1 6°C and dispersed in 0. 1 % PVA solution (45 liter) 
containing 1% mannitol previously cooled to 14 to 
16°C to prepare a (W/0)/W emulsion. After in-water 
drying for 3 hours, the microcapsules were collected 
by centrifugation and dried. The TRH take up into the 

30 microcapsules was 88%, and the TRH content in the 
microcapsules was 7.5%, both of which were higher 
than in Comparative Example 2. 

Example 10 

35 

TRH (67.5 g) was dissolved in water (20.25 g). To 
this solution was added a solution of PLGA (lactic 
acid/glycollic acid = 75/25 (W/W), molecular weight: 
14,000)(607.5 g) in dichloromethane (756 ml) to pre- 

40 pare a W/O emulsion . This W/O emulsion was cooled 
to 14 to 16°C. According to the same manner as that 
described in Example 9, microcapsules were pre- 
pared using 0.1% PVAsolution (135 liter) containing 
1% mannitol previously cooled to 14 to 16°C. The 

45 TRH take u p into t he microcapsules and t he TRH con- 
tent in the microcapsules were higher than in Com- 
parative Example 2. 

Comparative Example 1 

50 

To an aqueous solution containing TRH (0.5 g) 
was added a solution of PLGA (lactic acid/glycollic 
acid = 75/25 (W/W), molecular weight: 14,000)(4.5 g) 
in dichloromethane (5.6 ml) to prepare a W/O emul- 
55 sion. This emulsion was cooled to 1 9 to 20°C and dis- 
persed in 0.1% PVAsolution (1 liter) previously cooled 
to 19 to 20°C to prepare a (W/0)/W emulsion. After 
in-water drying for 3 hours, the microcapsules were 
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collected by centrifugation and dried. The TRH take 
up into the microcapsules was 76.6%, and the TRH 
content in the microcapsules was 6.8%. 

Comparative Example 2 

TRH (15 g) was dissolved in water (9 g). To this 
solution was added a solution of PLGA (lactic 
acid/glycollic acid = 75/25 (W/W), molecular weight: 
14,000)(135 g) in dichloromethane (168 m!) to pre- 
pare a W/O emulsion. This emulsion was cooled to 19 
to 20°C and dispersed in 0.1% PVA solution (45 liters) 
previously cooled to 19 to 20°C to prepare a (W/0)/W 
emulsion. After in-water drying for 3 hours, the micro- 
capsules were collected by centrifugation and dried. 
The TRH take up into the microcapsules was 76.0%, 
and the TRH content in the microcapsules was 6.5%. 

Comparative Example 3 

Leuprolide acetate (16.5 g) and gelatin (2.7 g) 
were dissolved in water (15.7 g). To this solution was 
added a solution of PLGA (lactic acid/glycollic acid = 
75/25 (W/W), molecular weight 14,000)(132.3 g) In 
dichloromethane (1 67 ml) to prepare a W/O emulsion. 
This emulsion was cooled to 18.5°C and dispersed in 
0.1% PVA solution (25 liters) previously cooled to 
1 8.5°C to prepare a (W/0)/W emulsion. After in-water 
drying for 3 hours, the microcapsules were collected 
by centrifugation and freeze-dried. The TRH take up 
into the microcapsules was 85.3%, and the leuprolide 
acetate content in the microcapsules was 9.3%. 



Claims 

1. A process for producing microcapsules of a wa- 
ter-soluble drug by in-water drying process, 
which comprises carrying out the process in the 
presence of an osmotic pressure adjuster present 
in the external aqueous phase. 

2. A process according claim 1 which comprises (1) 
preparing a W/O type emulsion whose internal 
aqueous phase is a solution containing a water- 
soluble drug and whose oil phase is a solution 
containing a polymer, (2) dispersing the W/O type 
emulsion in a solution or suspension for the aqu- 
eous phase containing an osmotic pressure ad- 
juster to prepare a (W/OJ/W type emulsion, and 
(3) subjecting the (W/0)/W type emulsion to in- 
water drying process. 

3. A process according to claim 1 which comprises 
(1) dispersing a solution or suspension for the oil 
phase comprising a water-soluble drug and a 
polymer in a solution or suspension for the aqu- 
eous phase containing an osmotic pressure ad- 



juster to prepare an O/W type emulsion, and (2) 
subjecting the O/W type emulsion to in-water 
drying process. 

5 4. A process according to claim 1 wherein the water- 
soluble drug is a peptide having biological activ- 
ities. 

5. A process according to claim 4 wherein the mo- 
10 lecular weight of the peptide is about 200 to about 

80,000. 

6. A process according to claim 4 wherein the pep- 
tide having biological activities is thyrotropin-re- 

15 leasing hormone. 

7. A process according to claim 1 wherein the os- 
motic pressure adjuster is a water-soluble poly- 
hydric alcohol. 

20 

8. A process according to claim 1 wherein the os- 
motic pressure adjuster is a water-soluble hexa- 
hydric alcohol. 

25 9. A process according to claim 1 wherein the os- 
motic pressure adjuster is mannitol. 

10. A process according to claim 1 wherein the con- 
centration of the osmotic pressure adjuster in the 

30 external aqueous phase is about 0.001 to about 

60% (w/w). 

11. process according to daim 10 wherein the con- 
centration of the osmotic pressure adjuster in the 

35 external aqueous phase is about 0.05 to about 
30% (w/w). 

12. A process according to claim 11 wherein the con- 
centration of the osmotic pressure adjuster in the 

40 external aqueous phase is about 1% (w/w). 

13. A process according to claim 2 wherein the aver- 
age molecular weight of the polymer is about 
2,000 to about 800,000. 

45 

14. A process according to claim 2 wherein the poly- 
mer is a biodegradable polymer. 

15. A process according to claim 14 wherein the bio- 
50 degradable polymer is a polymer or copolymer of 

hydroxycarboxylic acids. 

16. A process according to claim 2 wherein the poly- 
mer is lactic acid/glycollic acid copolymer. 

55 
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